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The ATLAS detector is designed to study proton–proton collisions produced at the Large Hadron Collider
(LHC) at CERN. Its calorimeter system, for the electromagnetic and forward part and for a fraction of the
hadronic part, is made of liquid argon sampling calorimeters. During the 2011 data taking period,
ATLAS operated with an excellent efﬁciency and recorded more than 5 fb1 integrated luminosity of
7 TeV center of mass energy proton–proton collisions. The ATLAS Liquid Argon calorimeters played a
signiﬁcant role in this achievement. Its main features are ﬁrst described. Then, some of its performances
over the past two years are given. Highlights are put on its operation, calibration, stability and data
taking efﬁciency, as well as on the related physics performances.
& 2012 CERN. Published by Elsevier B.V. Open access under CC BY-NC-ND license1. Introduction
The ATLAS Liquid Argon (LAr) calorimeter is a sampling calori-
meter made of liquid argon as the active material and lead, copper or
tungsten as the passive absorber, depending on the position [1,2].
When charged particles cross the liquid argon gap between electro-
des and absorbers, they ionize it. Under the inﬂuence of the electric
ﬁeld, the ionized electrons drift towards the electrode inducing a
current which is converted into a digital signal. The ATLAS LAr
calorimeter consists of four subdetectors: the electromagnetic Barrel
(EMB), the electromagnetic Endcap (EMEC), the hadronic Endcap
(HEC) and the forward calorimeter (FCal). In the ATLAS coordinate
system f is the azimuthal angle around the axis of the beam and Z is
the pseudorapidity deﬁned as Z¼lnðtanðy=2ÞÞ, where y is the polar
angle. The EMB and the EMEC are lead/liquid argon sampling
calorimeters with accordion shape absorbers and electrodes covering
respectively a pseudorapidity-range of 9Z9o1:475 and 1:375o9Z9
o3:2. In addition to a transverse segmentation along Z and f, the
EMB and EMEC are separated into three different longitudinal layers
for most of its regions corresponding to about 20 radiation length up
to 9Z9C1:4. Most of the energy of a particle that interacts electro-
magnetically (electron or photon) is collected in the middle layer
which has a lateral granularity of 0:025 0:025 in most of the Zf
space. The EMEC is built of two wheels: the part closest to the beam
pipe is called EMEC Inner Wheel (2:5o9Z9o3:2) and the part
further away from the beam pipe is called EMEC Outer Wheel
(1:375o9Z9o2:5). The HEC is a copper/liquid argon samplingon Calorimeter Group.
Open access under CC BY-NC-NDcalorimeter covering the 1:5o9Z9o3:2 region. It consists of two
independent wheels located behind the end-cap electromagnetic
calorimeter, each wheel is divided into two longitudinal segments
and the granularity in Zf range is 0.10.1 and 0.20.2. The LAr
forward region 3:1o9Z9o4:9 is covered by the FCal which is
segmented into three modules in longitudinal direction in each
end-cap. The material of the passive absorbers, copper or tungsten,
depends on the position of the modules: the ﬁrst is made of copper
and optimized for electromagnetic measurements, the others are
made of tungsten and optimized for hadronic measurements.
The ionization signal for each readout channel is driven into
Front-End crates (FEC) located on the edge of the cryostats. The
Front End Board (FEBs) and calibration boards [3] are stored
inside these crates. Calibration boards are placed in each FEC in
order to generate and distribute adjustable currents to all readout
channels. Calibration and physics signals are ampliﬁed, shaped
and digitized in the FEBs. In order to accommodate the large
dynamic range of pulses and minimize the total noise from the
electronics, each channel is piped through three different readout
gains. The gain ratios are  10 with gain values of 0.8 for low gain
(LG), 8.4 for medium gain (MG), and 82 for high gain (HG).2. Detector operation
The performance of the detector has been very good through-
out the commissioning and ﬁrst two years of data-taking. In 2011,
LAr data were of sufﬁciently good quality for data analysis for 98%
of the data collected during stable beam periods. The stability of
the calibration constants of each channel is essential for good
calorimeter performance. Calibration runs are taken regularly license.
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Fig. 1. Left: Average time per FEB in the EMEC computed with 7 TeV collision data on May 2011. Right: Single channel time resolution as function as the energy of the EMB
middle layer channels reconstructed in high gain [5].
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Fig. 2. The observed dielectron invariant mass distribution follow the Z line-shape
obtained from Monte Carlo where the resolution constant term was set to zero [7].
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calibration runs are taken to determine the required channel-by-
channel calibration constants: pedestal runs provide the ADC
pedestal and noise values; ramp runs determine the response to
signals of increasing amplitude for determination of the electronic
gains, and delay runs measure the response to calibration pulses
with incremental timing offset, for determination of pulse shapes.
The determination of the physics pulse shapes from delay runs
uses a model which takes into account the differences between
the calibration and ionization signal functions and the different
injecting points. These predicted pulse shapes are used to com-
pute the Optimal Filtering Coefﬁcient [4] used to extract the time
and the energy of the ionization signal in each readout channel.
Periodic studies on the collision data ensure also that the whole
LAr calorimeter system is uniform and aligned in time. The timing
of all calorimeter channels was ﬁrst tuned to be synchronized with
the LHC bunch crossing time window. Then, from ofﬂine data
analysis, a more reﬁned timing adjustment was implemented
during 2011. A timing alignment for all readout channels better
than 1 ns was then measured as shown in Fig. 1 left. Moreover,
studies using reconstructed electrons from W-en candidates have
demonstrated that a 300 ps medium layer channel timing resolu-
tion can be achieved for large energy deposit in the EMB as shown
in Fig. 1 right. Such a precise timing is very useful in some physics
analysis such as those looking for long lived particles.3. Electron performance
The energy resolution of a sampling calorimeter can be
parametrized as
sðEÞ
E
¼ aﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
E½GeV 
p  b
E½GeV   c ð1Þ
where a is the sampling term which describes the statistical
ﬂuctuations of the electromagnetic shower, b is the noise term
due to the electronic noise and c is the constant term which takes
into account the non-uniformity of the calorimeter and of its
response. The construction tolerances and the calibration system
ensure that the LAr calorimeter response is locally uniform within
0.5% [6]. This uniformity is expected to be inter-calibrated in situ
to 0.5%, achieving a global constant term of about 0.7% [2]. At high
energies the resolution is dominated by the constant term.
A signiﬁcant fraction of the particle energy is lost in the inactive
material in front of the calorimeter thus degrading the energy
resolution because of the ﬂuctuating loss in the energy measure-
ment. The effective constant term, which includes both thecalorimeter constant term and the effect of inhomogeneities due
to possible additional material in front of the calorimeter, has
been measured from the 2011 data using the invariant mass of
Z-ee decays. An example of the dielectron mass distribution is
shown in Fig. 2 for EMB reconstructed electrons. The resolution is
derived from ﬁts to the invariant mass distributions using a Breit–
Wigner convolved with a Crystal Ball function. The Breit–Wigner
width is ﬁxed to the measured Z width [8], and the experimental
resolution is described by the Crystal Ball function (s). The
obtained resolution for pairs with 9Z9o1:37 in data corresponds
to 1:6070:01 GeV and in Monte Carlo 1:4570:01 GeV.4. Conclusion
The excellent performance of the ATLAS LAr calorimeter system is
the result of a big collective effort from the LAr Community
throughout the year. Hardware upgrades and improvements, con-
tinuous optimization of the Data Acquisition System, development of
online and ofﬂine Monitoring tools allowed to maximize the data
quality for a minimum in data loss. This will unsure to keep high the
LAr system performances for future ATLAS data taking campaigns.References
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